In Escherichia coli, the SoxRS regulon mediates an oxi dative stress response that protects the cell against superoxide anions (1) (2) (3) (4) or nitric oxide (5-7). The sensor for this regulon is the SoxR protein, a transcription factor that contains [2Fe-2S] centers (8, 9) . During normal growth in vivo, the [2Fe-2S] centers are in the reduced state; upon superoxide stress, the clusters are oxidized and the protein induces the transcription of its only known target, the soxS gene (9) (10) (11) (12) (13) (14) . Activated SoxR enhances the production of SoxS, a simple transcrip tional activator of the AraC family, which in turn increases the transcription of other genes in the regulon. These inducible genes include sod A (manganese contain ing superoxide dismutase) (Mn-SOD), zwf (glucose 6 phophate dehydrogenase)(G6PD), fldA and fldB (two dis tinct flavodoxins), fur (another gene regulator that is mainly involved with iron metabolism), nfo (DNA repair endonuclease IV), acrAB(an efflux pump), and micF (down-regulates the expression of the porin OmpF) (15, 16) . Some soxRS regulon members are not clearly con nected to oxidative stress (e.g. micF, acrAB) but instead * To whom correspondence should be addressed. Tel: +81-6-6879-8502, Fax: +81-6-6876-3287, E-mail: kobayasi@sanken.osaka-u.ac.jp mediate increased resistance to multiple antibiotics and organic solvents (3, (17) (18) (19) .
The soxR and soxS genes are arranged head-to-head in the E. coli genome (2) . The regulatory region including the soxS promoter lies in the intergenic region (3, 4, 20) . In terms of homologs, the Salmonella enterica serovar Typhimurium (S. enterica) genome (Microviral Genome  Database) contains a sequence encoding predicted polypeptides that are 97% identical to SoxR and SoxS. In contrast, other bacteria such as Pseudomonas aeruginosa (P aeruginosa), Vibrio cholera, Xanthomonas axonopodis and Chromobacterium violaceuace have not been found to contain sequences encoding soxS-like gene products, although each has an open reading frame (ORF) encoding a putative protein homologous to the E. coli SoxR (Kyoto Encyclopedia of Gene and Genomes Gene Database). Fig  ure 1 shows the sequences of the soxR homolog and sur rounding regions in P aeruginosa [obtained from the P. aeruginosa Genome Project web site (21) ], Xanthomonas axonopodis, Chromobacterium axonopoids, and Vibrio cholera, as compared with E. coli. In P. aeruginosa, the homolog of the soxR gene (PA2273) and an unknown hypothetical protein (PA2274) are arranged divergently with their 5' ends separated by a 78 by intergenic region that contains a sequence homologous to the SoxR-binding soxS promoter of E. coli. (Fig. 1) . We cloned both genes and found that the SoxR homolog encodes a putative 156 amino acid protein having 62% identity and 78% similarity to the E. coli soxR gene prod uct (Fig. 3) . The sequence of the P aeruginosa SoxR pro tein contains two predicted functional domains, an N-ter minal helix-turn helix (DNA-binding) motif, and the C -terminal [2Fe-2S] centers anchored to four cysteine resi dues. In contrast, the predicted product of ORF PA2274 showed no significant homology to any known sequences in the GenBank database, including SoxS. However, a region homologous to a symmetric consensus DNA sequence found in the promoter region of E. coli SoxS was found in the DNA region between ORFs PA2273 and PA2274. Figure 5 shows the optical absorption spectra of the purified P aeruginosa SoxR. The spectrum of the oxi dized form is characteristic of a [2Fe-2S] protein. Reduc tion by sodium dithionite decreased the absorbances at 414, 462 and 548 nm. This absorbance profile is essen tially similar to that of E. coli SoxR (8, 9) .
A typical redox titration of the P. aeruginosa SoxR [2Fe-2S] cluster at pH 7.6 is shown in Fig. 6 . The mid point potential for the SoxR [2Fe-2S] clusters under the conditions used was estimated to be -290 mV, which is also close to that of the E. coli SoxR protein (280-285 mV) (10, 11) .
Promoter Binding by Purified SoxR-We investigated whether the purified SoxR protein could bind the DNA Fig. 4 (Fig. 7A) . The amount of the retarded band increased with increased SoxR concen tration. However, the free-DNA band was still seen in the presence of high levels of SoxR (55.6 nM), suggesting that the affinity of SoxR for its DNA target is not high. pin-forming sequence that could affect transcription at the DNA or RNA levels, or could affect the translation of the soxR message. The opposing transcription of these two genes and the potential for overlap between the tran scripts could exert both transcriptional and posttran scriptional control (33) . It has been proposed that the iron-sulfur cluster of E. coli SoxR functions as a sensor of oxidative stress (10, 11, 14) . Similarly, it is considered that the oxidation of the iron-sulfur cluster of P aeruginosa SoxR in vivo regulates its activity as a transcription activator, because the mid point potential of the SoxR [2Fe-2S] clusters in P aerugi nosa is close to that of E. coli. P. aeruginosa seems to increase the expression of a SoxR-controlled defense sys tem, rather than playing a protective role in oxidative stress, in response to the cellular redox status. The present data strongly suggest that PA2274 is the primary target of the SoxR protein and plays an important role in the SoxR-dependent system. The PA2274 ORF encodes a putative protein of 126 amino acids that shows no signif icant homology to any sequence in the GenBank data base. However, the PA2274 predicted protein sequence contains a short conserved region at the N-terminus, called the tonB-box motif (36-38), which is involved in interactions with the tonB protein (38). This raises the possibility that the PA2274 protein may act as a regula tor of siderophore-mediated iron uptake by the ton B-box protein (39, 40). Further work will be required to purify and further characterize the PA2274 protein. In conclusion, our findings demonstrate that in P aer uginosa, the SoxR protein acts as a direct transcriptional 
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